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METHOD AND APPARATUS FOR INTERFERENCE BASED USER EQUIPMENT
MANAGEMENT IN A WIRELESS COMMUNICATION NETWORK

BACKGROUND

Technical Field

[0001] The present invention generally relates to serving pluralities of user equipments
(UEs), such as cellular radiotelephones, pagers, and other wireless communication devices,
and particularly relates to managing UEs, such as in terms of scheduling and power control,
according to an interference-based approach.

Background

[0002] In the long-term evolution (LTE) of Universal Mobile Telecommunication Systems
(UMTS), transmission signals in the downlinks and uplinks are based on orthogonal frequency
division multiplexing (OFDM) and single-carrier frequency division multiplex access (SC-FDMA).
Under idealized conditions, such uplink transmission signals from different UEs are orthogonal
and do not interfere with each other at the network receiver(s), e.g., at the base station
receivers.

[0003] However, due to various imperfections in the transmitter and receiver
implementations as well as the time-selectivity of the fading channels, orthogonality cannot be
maintained in reality and signals from different UEs leak out of the intended frequency bands
and interfere with each other. An example of this problem is shown in Fig. 1. Note that positive
frequency bands in the Fig. represent frequencies to the right of the transmission carrier center
and negative frequency bands represent frequencies to the left of the transmission carrier
center.

[0004] Two types of out-of-band interferences can be identified in the example. The first
type of interferences, which are generally caused by phase noise, frequency offset and channel

time-selectivity, affects adjacent band signals. However, the interference powers generally
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decay with frequency separation. The second type of interferences, which are generally caused
by In-phase and Quadrature (IQ) imbalances, affects signals at the mirror frequency bands.
[0005] The loss of orthogonality means the signal quality of UEs scheduled in parallel in the
frequency domain can be severely degraded. The problems become particularly acute when the
received signal strengths, such as may be expressed in a determination of received (signal)
power densities, from different UEs differ significantly. Fig. 2 illustrates that circumstance. For
instance, the signals as received at the network receiver from user B and user C are 30 dB and
20 dB weaker than that of user A, respectively. The overall carrier power to interference ratio
(C/) for user B is around 0 dB since its signal is affected by Type-| interference from user A.
The overall C/l ratio of user C is less than 5 dB since its signal is affected by Type-ll
interference from user A. Because of the low C/I ratio, neither user B nor C can transmit at
high data rates.

[0006] For uplink transmissions, the situation depicted in Fig. 2 typically arises when the
path gains of different users differ dramatically. Existing solutions to mitigate this near-far
problem include, in the context of CDMA-based systems, uplink power control used to equalize
received powers of non-orthogonal codes. In at least some wireless local area network (WLAN)
contexts, frequency division multiplexing is completely avoided by dedicating the whole
frequency band to a single user at any given time. In GSM system contexts, the transmission
bandwidth is fixed and, hence, a single analog narrow-band filter can be applied to the
transmitted signal to reduce out-of-band interference.

[0007] The above approaches reflect a number of limitations and can be problematic in the
context of particular system requirements. For example, uplink power control aimed at
equalizing received power is useful in systems providing fixed-rate services, such as circuit-
switched voice services. For future broadband packet-switched systems, receive power

equalization may not be efficient, at least not standing alone, because there generally will not be
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any fixed SNR target associated with a particular date rate. Instead, the system capacity and
UE throughput can be generally optimized if UEs experiencing good channel conditions can
transmit at higher power and, hence, higher data rates.

[0008] Further, using only time division multiplexing is inefficient in cases when the
scheduled UEs do not have enough data to fill the entire bandwidth. The approach is also
inefficient when UEs are power limited and, hence, cannot achieve reasonable signal-to-noise
ratio (SNR) if allocated the wide frequency spectrum. Additionally, at least in the context of LTE
systems, the transmission spectrum as well as the center of the signal band can be dynamically
changed. Those dynamic changes make it impractical to design or to include analog filter(s) in
the UEs that are capable of performing well over the range of possible transmission spectrums
and centers.

[0009] In another proposed approach to mitigating inter-cell interference in the context of
wireless communication networks that make use of UE scheduling, the R1-050813 (“UL
interference control considerations”) and R1-060298 (“Uplink inter cell interference mitigation”)
working group documents promulgated by the 3GPP TSG RAN WG1 suggest a particular
frequency allocation scheme. In essence, UEs are assigned to frequency bands based on a
signal strength/signal-to-noise-ratio (SNR) ranking. However, the proposed arrangement
provides no protection against Type-Il interference defined above in the context of OFDM

subcarriers.

SUMMARY
[0010] In one or more embodiments taught herein, user equipments (UEs) with similar
received signal power densities are scheduled in the same scheduling interval, e.g., they are
scheduled to transmit simultaneously within the same transmission time interval (TTI). Such
operations are done to the extent allowed by protocols, quality of service (QoS) and other

constraints. Conversely, UEs with significantly different received signal power densities are
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scheduled to transmit in different scheduling intervals. Complementary power control may be
jointly included in such scheduling, such as by directly or indirectly controlling the transmit
power of UEs individually or in groups to reduce differences in the received signal power
densities of the UEs being scheduled.

[0011] Thus, in at least one embodiment, a method of scheduling user equipments (UEs) in
a wireless communication network comprises determining received signal power densities for a
plurality of UEs to be scheduled, and allocating UEs to scheduling intervals based on a sorting
of their received signal power densities such that UEs in the same scheduling interval have
similar received signal power densities. The method further includes assigning UEs in the same
scheduling interval to mirror frequency bands within an available frequency spectrum according
to the sorting of their received signal power densities.

[0012] With the frequency spectrum defined by a set of Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers as an example, sorting the UEs by their received signal power
densities places those UEs having the closest matching received signal power densities in
adjacent positions within the rank order. As such, the UEs may be taken pair-wise from the
sorted order and assigned to OFDM sub-carriers occupying mirror frequency positions. Doing
so tends to put UEs having comparable received signal power densities at mirror frequency
positions, making them less vulnerable to the Type-2 interference described earlier herein.
[0013] In the above example, and in other embodiments and contexts presented herein, the
difference between received signal power densities for each pair of UEs being assigned to
mirror frequencies can be evaluated against an allowable difference. One or more embodiments
presented herein directly or indirectly adjusts the received signal power density of one or both
UEs in any pair of UEs where the difference in their received signal power densities exceeds the
allowable difference. One adjustment approach involves explicitly controlling the transmit power

of one or both such UEs. Additionally, or alternatively, a network entity managing the
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scheduling, such as a base station, may directly or indirectly signal desired received signal
power densities to the UEs scheduled for the same scheduling interval, to reduce such

differences and thereby better mitigate intra-cell interference between the UEs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Figs. 1 and 2 are signal diagrams of conventional allocations of user equipments to
frequency assignments within a given scheduling interval, and illustrate the interferences
associated with such assignments.
[0015] Fig. 3 is a block diagram of an embodiment of a communication network having a
network entity, such as a base station, that is advantageously configured to reduce interference
based on scheduling UEs according to a sorting of their received signal power densities.
[0016] Fig. 4 is a logic flow diagram of one embodiment of processing logic implemented by
the base station of Fig. 3, for example.
[0017] Fig. 5 is a diagram of a set of OFDM subcarriers spanning an available frequency
spectrum.
[0018] Fig. 6 is a diagram representative of the received signal power densities in rank
order for a group of UEs to be scheduled, such as on the OFDM subcarriers of Fig. 5.
[0019] Figs. 7 and 8 are signal diagrams serving as examples of UE frequency assignments
in two transmission time intervals for an embodiment of scheduling as taught herein.
[0020] Fig. 9 is a block diagram for one embodiment of receiver circuits that may be
implemented in the base station of Fig. 3, for example, to carry out one or more embodiments of
scheduling as taught herein.
[0021] Fig. 10 is alogic flow diagram for one embodiment of UE scheduling as taught

herein.
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DETAILED DESCRIPTION
[0022] Fig. 3 illustrates a wireless communication network 8, e.g., an WCDMA/LTE network,
that includes a network entity 10, e.g., a base station 10, which includes one or more processing
circuits 12. The processing circuits 12 are configured to schedule a plurality of user equipments
(UEs) 14 (shown as UEs 1..N) in @ manner that mitigates intra-cell interference. More
particularly, the processing circuits 12 schedule the UEs 14 based on their received signal

power densities, which may be expressed as,

8quaxu
D, =———= Eq. (1)
W,

where D, is the maximum achievable received signal power density for the u« -th one of the
UEs 14, g, is the (estimated) path gain for the u -th UE 14, Py« is the known or estimated
maximum transmit power of the u -th UE 14, and W,, is the signal bandwith of the u -th UE 14,

which may be known, estimated, or set by default.

[0023] Fig. 4 illustrates a processing method that may be carried out by the processing
circuits 12 of the base station 10, according to one embodiment of UE scheduling and/or power
control as taught herein. It should be understood that the method is not necessarily limited to
the illustrated processing sequence, and some processing steps may be performed together or
otherwise in an interrelated fashion. Further, the illustrated processing sequence may be
conducted on an ongoing basis, possibly as part of a larger set of communication processing
operations carried out at the base station 10.

[0024] The illustrated processing begins with determining the received signal power
densities for a plurality of UEs 14 to be scheduled (Step 100). For example, the base station 10
may identify all active-state UEs 14 being supported by it. In any case, processing continues
with allocating UEs 14 to scheduling intervals—e.g., transmission time intervals (TTIs) in a

WCDMA/LTE embodiment—based on a sorting of their received signal power densities (Step
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102). Processing continues or otherwise further includes assigning UEs 14 in the same
scheduling interval to mirror frequency bands within an available frequency spectrum according
to the sorting of their received signal power densities (Step 104).

[0025] As an example, this step may comprise assigning pairs of the UEs 14 sorted in rank
order of their received signal power densities to consecutive mirror frequency bands within an
available frequency spectrum. In turn, assigning these pairs of the UEs 14 comprises, in at least
one embodiment, assigning pairs of UEs 14 that are adjacent in the rank order of their received
signal power densities to mirror frequency positions in a set of orthogonal frequency division
multiplexing (OFDM) sub-carriers.

[0026] For example, Fig. 5 illustrates a set of OFDM subcarriers spanning a given frequency
spectrum, wherein the illustrated set of subcarriers may be considered as including a center
frequency having mirrored frequency tones on either side. In this context, Fig. 6 illustrates UEs
1..N, which are sorted in rank order according to their received signal power densities. In one
embodiment, assigning pairs of UEs 14 that are adjacent in the rank order of their received
signal power densities to mirror frequency positions in a set of OFDM sub-carriers includes
assigning a highest ranked pair of UEs (i.e., the rightmost UEs N and N-1 in Fig. 6) to an
outermost pair of mirror frequency positions (i.e., the leftmost and corresponding rightmost
subcarriers in Fig. 5) and assigning next highest ranked pairs of UEs to consecutive mirror
frequency positions moving inward toward a center frequency of the OFDM sub-carriers.
[0027] By assigning the highest-ranked pair to the outermost mirror frequencies, at least
some portion of their adjacent channel interference falls outside of the frequency spectrum of
interest and may therefore be readily filtered. Of course, other assignment orderings may be
used, such as assigning in inside-out order, where the strongest pairs are assigned to the

middle mirror frequencies.
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[0028] Regardless of the outside-in or inside-out ordering adopted, it is noteworthy to
observe that assigning UEs 14 that are adjacent in rank order of their received signal power
densities to mirror frequency pairs tends to minimize the difference between UEs 14 occupying
mirror frequency positions in the OFDM spectrum, and thereby reduces the deleterious effects
of mirror frequency interference arising between the pair due to IQ imbalances.

[0029] As a non-limiting illustration of the above described sorting and assigning operations,
Figs. 7 and 8and illustrate two scheduling intervals, denoted as TTIl 1 and TT2, respectively.
Within the context of these illustrations, it should be understood that some plurality of UEs 14
are identified as Users 1..11, and that a first subset of these UEs 14 were assigned to TTIl 1 and
a second subset were assigned to TTI 2. More particularly, one sees the rank ordering
arrangement reflected in the pairwise assignments of User 1/User 2, User 3/User 4, etc., in TTI
1, and User 6/User 7, User 8/User 9, etc., in TTI 2.

[0030] Figs. 7 and 8, while not limiting, are also useful for understanding method operations
associated with various embodiments of the scheduling method presented herein. As was
noted, one or more embodiments of the scheduling method comprise scheduling UEs 14 in a
wireless communication network 8, based on determining received signal power densities for a
plurality of UEs 14 to be scheduled, allocating the UEs 14 to scheduling intervals based on a
sorting of their received signal power densities, and assigning UEs 14 in the same scheduling
interval to mirror frequency bands within an available frequency spectrum according to the
sorting of their received signal power densities.

[0031] Thus, for given UEs 14, assuming there are more UEs 14 than can fit into one
scheduling interval, the above method sorts the UEs 14 by their received signal power densities,
and uses that sort order to assign a first set (subgroup) of the UEs 14 to a first scheduling

interval, with the remaining UEs 14 allocated to one or more subsequent scheduling intervals.
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Of course, the whole process is dynamic in the context of changing numbers of UEs 14 subject
to scheduling, changing reception conditions, QoS considerations, etc.

[0032] In one or more variations of the broad method, the method may include signaling a
desired received signal power density for UEs 14 in the same scheduling interval. Such
embodiments may include determining the desired received signal power density on a
scheduling interval basis as a function of the received signal power densities of the UEs
allocated to each given scheduling interval. (Thus, a different desired received signal power
density may be signaled for different scheduling intervals, reflecting the different values of the
received signal power densities estimated for the particular ones of the UEs 14 allocated to
each such scheduling interval.)

[0033] In one such embodiment, the desired received signal power density for a given
scheduling interval is determined as the sum of a defined, allowable difference between
received signal power densities for UEs 14 in any given scheduling interval and a minimum
received signal power density of those UEs 14 in the given scheduling interval, or as an average
of the received signal power densities of those UEs 14 in the given scheduling interval. In such
cases, the allowable difference may be defined by default value, or may be determined
dynamically.

[0034] In any case, in at least one embodiment, signaling the desired received signal power
density for UEs 14 in the same scheduling interval may be done on a conditional basis, based
on determining whether a difference between maximum and minimum received signal power
densities for the UEs scheduled in a given scheduling interval exceeds an allowable difference.
That is, the particular UEs 14 assigned to a given scheduling interval may have a difference
(max-min) of received signal power densities that is below the allowable difference, in which

case there is no need to signal a desired (target) received signal power density.
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[0035] Thus, processing in one or more embodiments includes determining whether a
difference between maximum and minimum received signal power densities for the UEs 14
scheduled in a given scheduling interval exceeds an allowable difference and, if so, signaling
one or more of the UEs 14 to adjust one or more of their transmission parameters bearing on
their received signal power densities. Such transmission parameters can include transmit
powers and/or signal bandwidths. (Signal bandwidth adjustments for a given UE 14 can be used
to alter received signal power density. For example, density is lowered for a given transmit
power level and path gain by expanding the signal bandwidth, and raised by decreasing the
signal bandwidth.)

[0036] Also, it should be noted that for one or more embodiments, allocating UEs 14 to
scheduling intervals based on a sorting of their received signal power densities comprises
sorting UEs 14 by their received signal power densities and allocating UEs 14 from consecutive
sorted positions to the scheduling interval until the scheduling interval is fully allocated. At least
one embodiment includes ranking the UEs 14 to be scheduled according to their received signal
power densities and, for a given scheduling interval, allocating UEs 14 based on their rank order
to the given scheduling interval until the given scheduling interval is fully allocated.

[0037] Additional options and variations may be used for the mirror frequency assignments.
For example, as described earlier, in one or more embodiments, assigning UEs 14 in the same
scheduling interval to mirror frequency bands within an available frequency spectrum according
to the sorting of their received signal power densities comprises assigning pairs of the UEs 14
sorted in rank order of their received signal power densities to consecutive mirror frequency
bands within an available frequency spectrum. Such operations may comprise assigning pairs
of UEs 14 that are adjacent in the rank order of their received signal power densities to mirror
frequency positions in a set of orthogonal frequency division multiplexing (OFDM) sub-carriers.

For that, the method may include assigning a highest ranked pair of UEs 14 to an outermost
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pair of mirror frequency positions and assigning next highest ranked pairs of UEs 14 to
consecutive mirror frequency positions moving inward toward a center frequency of the OFDM
sub-carriers.

[0038] Turning to example implementation details for the above method operations, Fig. 9
illustrates functional circuit elements for one embodiment of the processing circuits 12. It should
be understood that the processing circuits 12 may comprise hardware, software, or any
combination thereof. In at least one embodiment, the processing circuits 12 include one or more
general or special purpose microprocessors and/or digital signal processors that are
programmed to carry out operations corresponding to the above-described method steps. Such
instructions may be embodied as one or more computer programs comprising stored program
instructions in a storage element (e.g., memory).

[0039] In any case, at least one embodiment of the processing circuits 12 comprises a
received signal power density estimator 30 (illustrated as “RSPD” estimator). The received
signal power density estimator 30 may receive calculation information from other elements
within the BS 10, such as estimated, known, or default values to use for the calculation of the

received signal power densities. For example, the base station 10 generally includes channel

estimation circuits (not shown), which may provide values related to the path gain variables g,, .

[0040] Continuing, the processing circuits 12 further include a scheduler 32, which may
include (or is associated with) a sorter 34 and an allocator/assigner 36, and which may further
include a power controller 38. The sorter 34 sorts the UEs 14 to be scheduled in rank order of
their received signal power densities as estimated by the RSDP estimator 30, and the
allocator/assigner 36 allocates UEs 14 to respective scheduling intervals based on the sorted
order, as described above. Also, as described above, the power controller 38 may initiate or
otherwise cause power signaling from the base station 10 to one or more of the UEs 14, to

reduce differences between the received signal power densities of UEs 14 in the same
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scheduling interval, e.g., between pairs of UEs 14 that are pairwise assigned to mirror
frequencies in a set of OFDM tones.

[0041] While not necessarily considered part of the processing circuits 12, it will be
understood that the base station 10 includes transceiver resources 40 for wirelessly
communicating with the UEs 14 on uplink and downlink communication channels. The base
station 10 may include other elements, such as backhaul/sidehaul interfaces, etc., which are not
illustrated and which are not germane to this discussion.

[0042] With all of the above in mind, it will be appreciated that the scheduling (and power
control) methods described herein provide a number of advantages and features. As a non-
limiting example, one such advantage is that individual UEs 14 in favorable situations may get
higher bit-rates than with conventional scheduling approaches. In turn, higher bit rates improve
system capacity. As a further but non-limiting advantage, the modulation quality (e.g. EVM) of
the transmitted and received signals can be maintained at acceptable levels, thereby preventing
excessive demodulation losses at the base station 10.

[0043] To appreciate these and other advantages, it may be helpful to step through a more
detailed example according to Fig. 10, which illustrates one embodiment of the scheduling
method presented herein. In the illustrated processing of Fig. 10, a representative
scheduling/power control method involves a number of processing steps that are detailed
below, and it should be understood that not all such steps are necessarily limited to the
illustrated sequence, and some steps may be performed jointly or concurrently.

[0044] With that in mind, the processing of Fig. 10 “begins” by first identifying active uplink

users (UEs) (Step 110), e.g., u=1,..., U. The path gain g,,, maximum transmit power P,

and signal bandwidth W,, of each user are determined (Step 112). The maximum achievable

received signal power density is then determined—see Eq. (1)—from these values for each of

the UEs to be scheduled (Step 114).
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[0045] Operations continue with determining a maximum difference in received signal power

densities, dDy,,x , to be allowed for UEs in the same scheduling interval (Step 116). Then,

beginning with the UE with the highest achievable received signal power density, UEs are
allocated in a first TTI, until that TTl is fully allocated (Step 118). The allocation capacity
assessment may be based on, for example,

U
D Wy <Wiys Eq. (2)

u=1

where Wy, represents a maximum bandwidth available for each given scheduling interval

being allocated.

[0046] Continuing, the frequency assignments of users in the same scheduling interval may
follow those details presented in the context of Figs. 5 and 6, for example. That is, users are
pair-wise allocated to mirror frequencies within the available spectrum until the scheduling
interval is fully allocated (Step 120).

[0047] Then, the maximum difference between achievable received signal power density for
the set of users scheduled for that scheduling interval is determined (Step 122), and whether
that difference exceeds the defined maximum allowable difference (Step 124). In other words, it
is determined whether the difference between the highest received signal power density and the

lowest received signal power density (for the UEs 14 scheduled for that interval) exceeds the

maximum allowed difference dDy,,x . If that difference does not exceed dDy,,x , then the

transmit power of the users is setto F, = P,ax,, (Step 126), i.e., all users in that scheduling

interval will be permitted to transmit at their maximum powers.

[0048] However, if the difference in maximum achievable received signal power densities

between the scheduled users exceeds dD,y,x , then, in order to ensure that the highest
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received signal power density is not more than dDy,,x stronger than the weakest received

signal power density for the set of UEs in the same scheduling interval, the received signal
power densities of one or more of the users is adjusted directly or indirectly (Step 128). For
example, the processing circuits 12 may be configured to cause the base station 10 to set the

transmit power levels of users with high received signal power densities to values below their

maximum, i.e., B, < P ax - In this context, “high” simply connotes one or more of the UEs 14

within the given scheduling interval being considered that have received signal power densities
above those of the remaining UEs 14 scheduled in that interval.

[0049] Additionally or alternatively, the processing circuits 12 may be configured to cause
the base station 10 to adjust the signal bandwidths of one or more of the scheduled users. For
example, one or more users having relatively low received signal power densities may have
their signal bandwidths decreased. Conversely, one or more users having relatively higher
received signal power densities may have their signal bandwidths increased.

[0050] In terms of adjusting the transmit powers of those UEs 14 whose received signal
power densities are too high on a relative basis, a variety of signaling approaches and
considerations are contemplated herein. For example, the base station 10 may signal an
“allowed transmit power,” such as by signaling the absolute value of the transmit power to be
used, or by signaling an offset relative to the UE’s maximum transmit power.

[0051] Of course, there may be significant signaling activity in cases where individual (per
UE) signaling is used to make UE power adjustments. Alternatively, the receiver circuits 12 may
be configured to compute a desired received signal power density (e.g., a target value), such
that the base station 10 signals the desired received signal power density at least to the group
of UEs 14 to be served in the same scheduling interval. (Note that the desired received signal

power density may change from scheduling interval to scheduling interval, because of changes
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in the received signal power densities (relative or absolute) of the UEs 14 being allocated to the
different scheduling intervals.

[0052] One approach to calculating a received signal power density as a common value for
the group of UEs 14 allocated to a given scheduling interval, the receiver circuits 12 may

configured to implement the following rule:

Diarger=min { Dy, | +dDpyy Eq. (3)
where {Du} is the set of maximum power spectral densities of users scheduled in the same

scheduling interval (e.g., the same TTI). Of course, other rules are possible to estimate the

target received power spectral density, such as the average of {DM} .

[0053] In turns, the individual UEs 14 can estimate the transmit power to be used for

achieving the desired received signal power density using formulation of Eq. (1), given as,

Diarget = Ptarget“)g;/—” Eq. (4)
u

In Eq. (4), each UE 14 can estimate its path gain g,, based on receiving downlink reference

symbols, e.g., pilot information. In WCDMA embodiments, Common Pilot Channel (CPICH)
power is signalled on the broadcast channel, thereby allowing individual UEs 14 to estimate
their path gains for uplink power control. The CPICH RSCP is also reported to the network 8

(base station 10), which uses it for various Radio Resource Management (RRM) functions, such

as handovers, etc. Note that each UE’s signal bandwidth, W,, , may be indicated as part of

scheduling grant information.
[0054] The above embodiment of signaling the desired received signal power density may
be implemented by multicasting of the desired value on a scheduling interval basis, for use by

the groups of UEs scheduled in same scheduling interval. Signaling overheads can be further



WO 2007/126385 PCT/SE2007/050294
16

reduced by signaling the desired received signal power density as an offset from some
maximum or minimum predefined level.

[0055] In another aspect of the teachings herein, consider that at the base station 10, both
the received signal power densities and received signal quality (SNR) are known for each of the
UEs 14 subject to scheduling. By combining these measures with information about scheduling
interval (TTI) frequency usage, whether or not there are multiple concurrent users, and
frequency allocation distances, the interference impact can be estimated. The typical
measurement entity may refer to a “cell” or other defined coverage area within a cell/sector
communication environment.

[0056] In any case, based on an assumed interference impact, fixed or adaptive as above,
and an expected link performance, the scheduling method(s) presented herein may consider
user bitrate (individual or aggregate) as an adaptation objective when considering whether (and
by how much) to adjust the received signal power densities of UEs 14. For example, the
maximum number of bits received per TTI can be targeted. Alternatively some fairness between
UEs 14 can be achieved. Of course, QoS and other constraints also may be included for
consideration in the determining of whether and by how much received signal power densities
are adjusted for individual or groups of UEs 14.

[0057] As a further variation, it may be noted that one or more embodiments of the
scheduling method presented herein may be practiced without the base station 10 necessarily
having access to all of the information needed to determine the received signal power densities
for the UEs 14 subject to scheduling, such as shown in Eq. (1). For example, in the existing
UMTS Release 6 (UMTS/R6) and for the current assumptions of the proposed LTE systems,
scheduling as taught herein can be applied using incremental controls and commands that are

supported by currently available information.
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[0058] As a non-limiting example, in a UMTS/R6 system, the Rate Request feedback
message from a given UE to a base station contains a field that indicates whether the UE can
still increase its transmission power from the current level. The base station can periodically
instruct the UE to increase or decrease its transmission power by a fixed and pre-agreed
amount through the Power Control Command.

[0059] Using the illustrated base station 10 and UEs 14 as an example, without restricting
such entities to currently available communication standards and configurations, it will be noted

that, based on a current observed received signal power density for a given UE 16 at time

N (denoted by D, (N) ), the scheduling algorithm at the base station 10 can calculate the

expected impact on interference levels if it decides to command the UE 16 to increase
transmission power by X dB, or to change the amount of assigned frequency band by Y %.
[0060] The expected impact can be estimated by first calculating the expected spectrum
density at time N+1 using

D, (N)-10%/10

D, (N+1)=
w(N+1) (1+Y/100)

Eq. (5)

With this expected spectrum density, the scheduling algorithm at the base station 10 can
proceed with the method as described above for received signal power densities determined,
e.g., from Eq. (1).

[0061] As a further extension, the methods presented herein can also be used to carry out
combined scheduling and power control in the downlink, where the transmitted power spectral

density of the users scheduled during the same interval should be within a certain maximum

range (dDy,ax )- Doing so ensures that a base station transmitter does not cause excessive

EVM, which in turn helps guarantee adequate modulation quality of the transmitted signal at the

base station. When compared to the uplink case, one may consider that the transmitted power
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spectral density of all users scheduled during the same scheduling interval should be
maintained within an allowed range. Also, for downlink implementations, control signaling
regarding adjustments of received signal power densities to one or more UEs 14 is not needed
as the base station 10 originates the transmitted signals.

[0062] As a further extension, scheduling as taught herein may be carried out on a
combined multi-cell (sector) basis. For example neighboring base stations 10 (two or more) may
schedule UEs 14 in neighboring sectors as a function of their received signal power densities, to
mitigate intra- and inter-cell interference. Such combined scheduling may be done on the uplink
and/or downlink.

[0063] With these and other variations and extensions in mind, those skilled in the art will
appreciate that the foregoing description and the accompanying drawings represent non-limiting
examples of the methods and apparatus taught herein for UE scheduling. As such, the present
invention is not limited by the foregoing description and accompanying drawings. Instead, the

present invention is limited only by the following claims and their legal equivalents.
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CLAIMS

1. A method of scheduling user equipments (UEs) in a wireless communication network
comprising:
determining received signal power densities for a plurality of UEs to be scheduled;
allocating UEs to scheduling intervals based on a sorting of their received signal power
densities; and
assigning UEs in the same scheduling interval to mirror frequency bands within an
available frequency spectrum according to the sorting of their received signal

power densities.

2. The method of claim 1, further comprising signaling a desired received signal power

density for UEs in the same scheduling interval.

3. The method of claim 2, further comprising determining the desired received signal power
density on a scheduling interval basis as a function of the received signal power densities of the

UEs allocated to each given scheduling interval.

4. The method of claim 3, wherein determining the desired received signal power density
on a scheduling interval basis as a function of the received signal power densities of the UEs
allocated to each given scheduling interval comprises determining the desired received signal
power density for a given scheduling interval as the sum of a defined, allowable difference
between received signal power densities for UES in any given scheduling interval and a
minimum received signal power density of those UEs in the given scheduling interval, or as an

average of the received signal power densities of those UEs in the given scheduling interval.
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5. The method of claim 2, further comprising signaling the desired received signal power
density for UEs in the same scheduling interval on a conditional basis, based on determining
whether a difference between maximum and minimum received signal power densities for the

UEs scheduled in a given scheduling interval exceeds an allowable difference.

6. The method of claim 2, further comprising determining whether a difference between
maximum and minimum received signal power densities for the UEs scheduled in a given
scheduling interval exceeds an allowable difference and, if so, signaling one or more of the UEs
to adjust one or more of their transmission parameters bearing on their received signal power

densities.

7. The method of claim 1, wherein allocating UEs to scheduling intervals based on a
sorting of their received signal power densities comprises sorting UEs by their received signal
power densities and allocating UEs from consecutive sorted positions to the scheduling interval

until the scheduling interval is fully allocated.

8. The method of claim 1, wherein allocating UEs to scheduling intervals based on sorting
their received signal power densities comprises ranking the UEs to be scheduled according to
their received signal power densities and, for a given scheduling interval, allocating UEs based
on their rank order to the given scheduling interval until the given scheduling interval is fully

allocated.

9. The method of claim 1, wherein assigning UEs in the same scheduling interval to mirror
frequency bands within an available frequency spectrum according to the sorting of their

received signal power densities comprises assigning pairs of the UEs sorted in rank order of
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their received signal power densities to consecutive mirror frequency bands within an available

frequency spectrum.

10. The method of claim 9, wherein assigning pairs of the UEs sorted in rank order of their
received signal power densities to consecutive mirror frequency bands within an available
frequency spectrum comprises assigning pairs of UEs that are adjacent in the rank order of their
received signal power densities to mirror frequency positions in a set of orthogonal frequency

division multiplexing (OFDM) sub-carriers.

11. The method of claim 10, wherein assigning pairs of UEs that are adjacent in the rank
order of their received signal power densities to mirror frequency positions in a set of orthogonal
frequency division multiplexing (OFDM) sub-carriers includes assigning a highest ranked pair of
UEs to an outermost pair of mirror frequency positions and assigning next highest ranked pairs
of UEs to consecutive mirror frequency positions moving inward toward a center frequency of

the OFDM sub-carriers.

12. The method of claim 1, further comprising, for any given scheduling interval, determining
whether a difference between minimum and maximum ones of the received signal power
densities for UEs scheduled for that given scheduling interval exceeds an allowable difference,
and, if so, signaling one or more of those UEs to adjust one or more of their transmission

parameters to reduce the difference.

13. The method of claim 1, wherein determining received signal power densities for a

plurality of UEs to be scheduled comprises, for each such UE, determining an achievable
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received signal power density as a function of a maximum transmit power of the UE, a path gain

of the UE, and a signal bandwidth of the UE.

14. A base station configured to schedule user equipments (UEs) for operation in a wireless
communication network, said base station comprising one or more processing circuits
configured to:
determine received signal power densities for a plurality of UEs to be scheduled;
allocate UEs to scheduling intervals based on a sorting of their received signal power
densities; and
assign UEs in the same scheduling interval to mirror frequency bands within an available
frequency spectrum according to the sorting of their received signal power

densities.

15. The base station of claim 14, wherein the one or more processing circuits include a
received signal power density estimator configured to determine the received signal power
densities for the plurality of UEs to be scheduled, and a scheduler configured to allocate the
UEs to scheduling intervals based on the sorting of their received signal power densities and
assign UEs in the same scheduling to mirror frequency bands within the available frequency

spectrum according to the sorting of their received signal power densities.

16. The base station of claim 14, wherein the one or more processing circuits of the base
station are configured to signal a desired received signal power density for UEs in the same
scheduling interval.

17. The base station of claim 16, wherein the one or more processing circuits of the base

station are configured to determine the desired received signal power density on a scheduling
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interval basis as a function of the received signal power densities of the UEs allocated to each

given scheduling interval.

18. The base station of claim 17, wherein the one or more processing circuits of the base
station are configured to determine the desired received signal power density on a scheduling
interval basis as a function of the received signal power densities of the UEs allocated to each
given scheduling interval by determining the desired received signal power density for a given
scheduling interval as the sum of a defined, allowable difference between received signal power
densities for UEs in any given scheduling interval and a minimum received signal power density
of those UEs in the given scheduling interval, or as an average of the received signal power

densities of those UEs in the given scheduling interval.

19. The base station of claim 16, wherein the one or more processing circuits of the base
station are configured to signal the desired received signal power density for UEs in the same
scheduling interval on a conditional basis, based on determining whether a difference between
maximum and minimum received signal power densities for the UEs scheduled in a given

scheduling interval exceeds an allowable difference.

20. The base station of claim 16, wherein the one or more processing circuits of the base
station are configured to determine whether a difference between maximum and minimum
received signal power densities for the UEs scheduled in a given scheduling interval exceeds an
allowable difference and, if so, signaling one or more of the UEs to adjust one or more of their
transmission parameters bearing on their received signal power densities.

21. The base station of claim 14, wherein the one or more processing circuits of the base

station are configured to allocate UEs to scheduling intervals based on a sorting of their
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received signal power densities by sorting UEs by their received signal power densities and
allocating UEs from consecutive sorted positions to the scheduling interval until the scheduling

interval is fully allocated.

22. The base station of claim 14, wherein the one or more processing circuits of the base
station are configured to allocate UEs to scheduling intervals based on sorting their received
signal power densities by ranking the UEs to be scheduled according to their received signal
power densities and, for a given scheduling interval, allocating UEs based on their rank order to

the given scheduling interval until the given scheduling interval is fully allocated.

23. The base station of claim 14, wherein the one or more processing circuits of the base
station are configured to assign UEs in the same scheduling interval to mirror frequency bands
within an available frequency spectrum according to the sorting of their received signal power
densities by assigning pairs of the UEs sorted in rank order of their received signal power

densities to consecutive mirror frequency bands within an available frequency spectrum.

24. The base station of claim 23, wherein the one or more processing circuits of the base
station are configured to assign pairs of the UEs sorted in rank order of their received signal
power densities to consecutive mirror frequency bands within an available frequency spectrum
by assigning pairs of UEs that are adjacent in the rank order of their received signal power
densities to mirror frequency positions in a set of orthogonal frequency division multiplexing

(OFDM) sub-carriers.

25. The base station of claim 24, wherein the one or more processing circuits of the base

station are configured to assign pairs of UEs that are adjacent in the rank order of their received
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signal power densities to mirror frequency positions in a set of orthogonal frequency division
multiplexing (OFDM) sub-carriers further by assigning a highest ranked pair of UEs to an
outermost pair of mirror frequency positions and assigning next highest ranked pairs of UEs to
consecutive mirror frequency positions moving inward toward a center frequency of the OFDM

sub-carriers.

26. The base station of claim 14, wherein the one or more processing circuits of the base
station are configured to, for any given scheduling interval, determine whether a difference
between minimum and maximum ones of the received signal power densities for UEs scheduled
for that given scheduling interval exceeds an allowable difference, and, if so, signal one or more

of those UEs to adjust one or more of their transmission parameters to reduce the difference.

27. The base station of claim 1, wherein the one or more processing circuits of the base
station are configured to determine received signal power densities for a plurality of UEs to be
scheduled by, for each such UE, determining an achievable received signal power density as a
function of a maximum transmit power of the UE, a path gain of the UE, and a signal bandwidth

of the UE.
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